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Abstract
Introduction. Aggressive behaviour in persons with a psychotic disorder is clinically highly
relevant because of its impact on patients’ families, society and caregivers - also, it increases
stigmatization of psychiatric patients in general. The neurobiological processes triggering
aggression in psychoses are little known. A comprehension of these underlying mechanisms
could enhance the predictability and prevention of violent acts and permit a specialized and
more individualized patient treatment - also, this could drastically reduce stigmatization.
Here, we investigated the neurobiological underpinnings of aggression in psychoses by means
of magnetic resonance imaging.
Methods. We performed two systematic reviews examining results on structural and func-
tional magnetic resonance imaging correlates of aggression in persons with psychoses in order
to synthesize the current knowledge in this field. Also, we calculated an effect size analysis
on structural correlates of aggression in psychoses. Then, we conducted a voxel-based mor-
phometry (VBM) study investigating correlates of an agitated-aggressive syndrome in early
psychoses.
Results. We systematically reviewed twelve studies on structural magnetic resonance imag-
ing correlates of aggression in psychoses including a total of 314 patients and 96 healthy
control participants (HC). Qualitative analyses showed lower volumes of whole brain (WB),
prefrontal regions, temporal lobe, hippocampus, thalamus, and cerebellum, and larger vol-
umes of the lateral ventricles, amygdala and putamen in violent (VS) as opposed to non-
violent schizophrenia persons (NVS). In the quantitative effect size analyses, violent persons
with schizophrenia exhibited a significantly lower WB volume than HC (p = 0.004) and than
non-violent persons with schizophrenia (p = 0.007).
Our systematic review on functional magnetic resonance imaging correlates of aggression
in psychoses included twelve studies with 236 patients and 92 HC. During the n-back tasks,
VS as opposed to NVS hypoactivated their inferior parietal lobe. When anticipating shock,
VS versus NVS hyperactivated their medial prefrontal gyrus, cuneus, middle temporal gyrus
and middle occipital gyrus. When viewing negative emotional pictures, VS versus NVS
hyperactivated the middle frontal gyrus, inferior frontal gyrus, anterior cingulate, lingual
gyrus, precentral gyrus, globus pallidus, mid-cingulate, and precuneus.
In our study examining VBM correlates in early psychoses we found reduced lingual gyrus
volumes in persons with early psychoses with an agitated-aggressive syndrome as opposed
to HC.
Conclusion. We found nonsystematic structural and functional correlates of aggression in
psychoses. In total, only very little studies on the neurobiological underpinnings of aggres-
sion in psychoses have been conducted. There have been no attempts to replicate any of the
observed findings in the published literature. Focusing on future directions, we recommend
that authors adhere to clear definitions of aggression, measurements of psychopathology,
comorbidities and medication. In particular, replication studies would allow for a better
synthesis of the findings. Furthermore, there are no studies on affective psychoses or early
psychoses. Our pilot study on VBM correlates of aggression in early psychoses provides a
first hint towards the hypothesis that the lingual gyrus volume may be inversely correlated
with an agitated-aggressive syndrome in early stages of psychoses.
1 INTRODUCTION
1 Introduction
Aggressive behaviour in persons with a psychotic disorder is clinically highly relevant because
of its impact on patients’ families, society and caregivers - also, it increases stigmatization of
psychiatric patients in general. Still, most persons suffering from psychoses are not violent
(Silverstein, Del Pozzo, Roche´, Boyle, & Miskimen, 2015) - they are, on the contrary, at an in-
creased risk of becoming victims of violence with risks up to 14 times the rate of being victimized
compared with being the perpetrator (Brekke, Prindle, Bae, & Long, 2001). According to Walsh
et al. (2002), less than 10% of the violent crimes in society are attributable to schizophrenia.
Yet some individuals with affective and non-affective psychotic disorders are at increased
risks for aggressive and violent behaviour (Swanson et al., 2006; Feldmann, 2001; Fazel, Gulati,
Linsell, Geddes, & Grann, 2009; Wallace, Mullen, & Burgess, 2004). This is also the case
for the first episode of illness (Foley et al., 2005; Large & Nielssen, 2011; Huber et al., 2012;
Huber, Hochstrasser, Meister, Schimmelmann, & Lambert, 2016), and there may be an increased
agitated-aggressive syndrome in persons with an at-risk mental state (Huber et al., 2014).
However, the nature of the association between psychosis and violence has long been debated.
Past research findings are mixed and depend on numerous influential factors. In order to examine
the association between violence and psychosis, Fazel et al. (2009) conducted a systematic review
and meta-analysis and found substantial heterogeneity between studies reporting risk of violence
in patients with psychoses. The authors concluded that schizophrenia and other psychoses
are associated with violence and in particular, homicide. However, substance use disorder as
comorbidity is a powerful mediator: The risk in schizophrenia patients with substance use
disorder comorbidity is similar to that in patients with substance use disorder without psychosis
(Fazel, Gulati, Linsell, Geddes, & Grann, 2009).
The neurobiological processes triggering aggression in psychoses are little known. A com-
prehension of these underlying mechanisms could enhance the predictability and prevention of
violent acts and permit a specialized and more individualized patient treatment - also, this could
drastically reduce stigmatization. Magnetic resonance imaging (MRI) has often been used to
investigate the neurobiological underpinnings of different conditions of the human mind. This
method takes a role of fundamental importance in diagnostic medicine and in basic research
(Logothetis, 2008). Therefore, using MRI in the quest for a biological understanding of psycho-
logical mechanisms and patterns of behaviour is a very promising approach.
In this thesis we aimed at investigating the neurobiological underpinnings of aggression in
psychoses by means of MRI. We systematically examined results on structural and functional
magnetic resonance imaging correlates of aggression in persons with psychoses in order to syn-
thesize the current knowledge in this field. Then, we performed a structural magnetic resonance
imaging study investigating correlates of aggression in very early stages of psychoses. We will
show that MRI studies - the way they have been performed up to now - do not yet allow for a
deeper understanding of the neurobiological processes underlying aggression in psychoses.
The introduction serves to articulate our research questions and to outline background infor-
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mation on structural and functional neuroimaging correlates of aggression in psychotic disorders.
Then we summarize the methods and results of our studies and finish by discussing our findings,
their impact and their limitations.
1.1 Research Questions
This thesis aimed at identifying structural and functional magnetic resonance imaging correlates
of aggression in psychosis, more specifically:
• Are there structural magnetic resonance imaging differences in persons with a psychotic
disorder with aggression as opposed to such individuals without aggression?
• Are there functional magnetic resonance imaging differences in persons with a psychotic
disorder with aggression as opposed to such individuals without aggression?
To answer these questions, we conducted the following three studies:
• We conducted a systematic review and effect size analysis on structural magnetic resonance
imaging correlates of aggression in psychosis. This paper (Widmayer, S., Sowislo, J. F.,
Jungfer, H. A., Borgwardt, S., Lang, U. E., Stieglitz, R.-D., & Huber, C. G. (2018). Struc-
tural Magnetic Resonance Imaging Correlates of Aggression in Psychosis: A Systematic
Review and Effect Size Analysis. Frontiers in Psychiatry, 9.) is displayed in Appendix A.
• Then, we conducted a systematic review on functional magnetic resonance imaging corre-
lates of aggression in psychosis. This paper (Widmayer, S., Borgwardt, S., Lang, U. E.,
Stieglitz, R.-D., & Huber, C. G. (2019). Functional Neuroimaging Correlates of Aggression
in Psychosis: A Systematic Review with Recommendations for Future Research. Frontiers
in Psychiatry, 9.) is displayed in Appendix B.
• Last, we performed a study on voxel-based morphometry correlates of aggression in very
early psychosis. This paper (Huber, C. G., Widmayer, S., Smieskova, R., Riecher-Ro¨ssler,
A., Stieglitz, R.-D. & Borgwardt, S. (2018). Voxel-Based Morphometry Correlates of an
Agitated-Aggressive Syndrome in the At-Risk Mental State for Psychosis and First Episode
Psychosis. Scientific Reports, 8 (1), 16516.) is displayed in Appendix C.
In the following chapters, we briefly depict background information on structural and func-
tional MRI correlates of psychoses and of aggression.
1.2 Structural Brain Correlates of Psychosis and Aggression
1.2.1 Structural Brain Alterations in Persons with Psychoses
Here, we report findings in affective and non-affective psychoses starting with neuroimaging
findings in schizophrenia. Neuroimaging studies indicate that schizophrenia is associated with
neuroanatomical abnormalities, with the most replicated findings being ventricular enlargement,
2
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and reductions in frontal and medial temporal lobe grey matter volume (McCarley et al., 1999).
Shenton et al. (2001) conducted a review of structural MRI abnormalities in schizophrenia and
found 80% of the reviewed studies reporting lateral ventricular enlargement and 73% third ven-
tricle enlargement. All of the reviewed studies discovered that the amygdala, hippocampus,
parahippocampal gyrus, and neocortical temporal lobe regions showed decreased volumes in
schizophrenia. Wright et al. (2000) conducted a meta-analysis of regional brain volumes in
schizophrenia. The authors included 1588 patients with schizophrenia in their analyses. Assum-
ing a volume of 100% in the comparison group, they observed that the mean cerebral volume
of the subjects with schizophrenia was smaller (98%), but the mean total ventricular volume of
the subjects with schizophrenia was larger (126%). Relative to the cerebral volume differences,
the regional volumes of the subjects with schizophrenia were 94% in the left and right amyg-
dala, 94% in the left and 95% in the right hippocampus and amygdala, and 93% in the left and
95% in the right parahippocampus. The largest differences in ventricular subdivisions were in
the right and left lateral ventricle, where the volumes of the schizophrenia patients were 116%
(Wright et al., 2000). Moreover, an effect size meta-analysis indicated consistent grey matter
(GM) reductions in temporal, anterior cingulate, cerebellar, and insular regions associated with
onset of a first psychotic episode. GM alterations in the temporal regions were directly related
to the severity of psychotic symptoms (Fusar-Poli, Radua, McGuire, & Borgwardt, 2011).
Regarding affective psychoses, Strakowski et al. (1999) detected increased volumes of amyg-
dala, thalamus and globus pallidus in these persons. Altshuler et al. (2000) and Brambilla et al.
(2003) confirmed the amygdala volume increase, and Brambilla et al. (2003) found no differences
in volumes of the temporal lobe.
In summary, there is clear evidence for structural abnormalities in schizophrenia, in particular
an enlargement of the third and fourth ventricles and a volume reduction primarily on the left
side of the superior temporal gyrus and frontal brain, mainly in the prefrontal and orbitofrontal
regions and parietal lobe (Soyka, 2011).
It has been hypothesized that, on top of the mere effect of illness on brain volume, an-
tipsychotic pharmacotherapy may significantly affect brain structure and account for progres-
sive brain changes during the course of the illness. Two reviews compared studies examining
structural MRI in patients taking antipsychotic drugs with antipsychotic-na¨ıve patients and
concluded that antipsychotics may contribute to some of the volumetric particularities observed
in psychosis (Moncrieff & Leo, 2010; Navari & Dazzan, 2009). Fusar-Poli et al. (2013) con-
ducted a meta-analysis of longitudinal MRI studies to examine the effect of antipsychotics as
compared to illness related factors on progressive brain changes in schizophrenia. At baseline,
the patients showed significant whole brain volume reductions and enlarged lateral ventricle
volumes compared to controls. No baseline volumetric differences were detected in grey matter
volumes, white matter volumes, cerebrospinal fluid and caudate nucleus. Longitudinally, there
were progressive grey matter volume (GMV) decreases and lateral ventricle (LV) enlargements
in patients but not in controls. The GMV decreases were inversely correlated with cumulative
exposure to antipsychotic treatments, while no effects were observed for duration of illness or
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illness severity. The authors concluded that schizophrenia itself is characterized by progressive
grey matter volume decreases and lateral ventricular volume increases, and that some of these
neuroanatomical alterations may be associated with antipsychotic treatment. Furthermore, a
recently published meta-analysis of studies on patients treated with first- and second-generation
antipsychotics revealed a moderating role of medication intake on cortical grey matter (GM)
changes: Firstly, more progressive GM loss correlated with higher mean daily antipsychotic
intake in patients treated with at least one first-generation antipsychotic. Secondly, less pro-
gressive GM loss correlated with higher mean daily antipsychotic intake in patients treated only
with second-generation antipsychotics (Vita, De Peri, Deste, Barlati, & Sacchetti, 2015).
1.2.2 Structural Magnetic Resonance Imaging Correlates of Aggression in Healthy
Persons
Matthies et al. (2012) obtained morphometric brain scans in 20 healthy volunteers and measured
amygdala volumes. All volunteers scored in the normal range of lifetime aggression. Volunteers
with higher aggression scores displayed a 16-18% reduction of amygdala volumes. There was
a highly significant negative correlation between amygdala volumes and trait aggression. The
authors suggested that amygdala volumes might be a marker for the personality property of
aggressiveness in healthy human beings. Bufkin and Luttrell (2005) conducted a review of
neuroimaging studies on the subject and concluded that the areas associated with aggressive
behavioural histories, particularly impulsive acts, are located in the prefrontal cortex and the
medial temporal regions. They explained these findings in the context of negative emotion
regulation.
1.2.3 Structural Magnetic Resonance Imaging Correlates of Aggression in Patient
Populations
Most of the research on structural correlates of aggression has been performed in patient pop-
ulations with antisocial personality disorder and/or psychopathy. Yang and Raine (2009), in a
meta-analysis on the association between structural brain imaging findings and violence found
significantly reduced volumes in prefrontal structures in antisocial individuals. Antisocial be-
haviour was associated with volume reductions in the right orbitofrontal cortex, right anterior
cingulate cortex and left dorsolateral prefrontal cortex. In a review by Weber et al. (2008), the
authors reported that the literature shows a reduction in prefrontal grey matter volume, grey
matter loss in the right superior temporal gyrus, amygdala volume loss, a decrease in poste-
rior hippocampal volume, an exaggerated structural hippocampal asymmetry, and an increase
in callosal white matter volume in psychopathic individuals. The authors concluded that psy-
chopathy seems to be associated with brain particularities in a prefronto-temporo-limbic circuit
– regions that are involved in emotional and learning processes. Wahlund and Kristiansson
(2009) conducted a review on the subject and encountered eleven structural studies on the brain
volume differences in violent individuals. The authors observed differences in the frontal lobes,
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the temporal lobes, corpus callosum and amygdala in antisocial and psychopathic individuals
compared to healthy controls. However, these studies have come to different conclusions: some
showed smaller volumes in temporal lobes in violent patients, some in frontal brain areas. Other
studies found no volumetric differences between psychopathic persons or subjects with antiso-
cial personality disorder compared to healthy controls. Raine et al. (2003) compared the corpus
callosum in subjects with antisocial personality disorder and high degree of psychopathy with
healthy controls. They found an increased callosal white matter volume, increase in length,
and reduction in callosal thickness in the psychopathic individuals compared to the controls.
Summing up, findings about structural correlates of aggression in persons with antisocial per-
sonality disorder and/or psychopathy suggest a reduction in prefrontal and temporal volume as
compared to healthy controls.
1.3 Functional Brain Correlates of Psychosis and Aggression
1.3.1 Functional Magnetic Resonance Imaging in Persons with Psychoses
Particularities in brain functioning as measured by fMRI have been found in schizophrenia pa-
tients during various neuropsychological tests. Here, we focus on working memory and emotion
induction and recognition tasks, because they have been examined in the context of aggression
in psychoses. Schizophrenia patients as opposed to healthy controls showed deficient working
memory performance with significantly larger left dorsolateral prefrontal cortex activation and
increased spacial heterogeneity of this activation - also, only persons with schizophrenia ac-
tivated the basal ganglia and the thalamus during working memory (Manoach et al., 2000).
Jansma et al. (2004) found hyperactivations in schizophrenia as opposed to HC during working
memory performance in the dorsolateral PFC, the inferior parietal cortex bilaterally and the
anterior cingulate. With respect to face affect recognition in persons with psychoses, there are
inconsistent reports. Kosaka et al. (2002) found that both persons with psychoses as well as
healthy controls activate the amygdala when viewing emotional faces. Habel et al. (2010), on
the contrary, reported dysfunctions in the AC, bilateral dorsomedial PFC, the right superior
temporal gyrus and the right fusiform gyrus in persons with psychoses as opposed to HC. Gur
et al. (2002) stated that persons with psychoses hypoactivated limbic regions when viewing emo-
tional faces. A meta-analysis showed that persons with psychoses hypoactivated the bilateral
amygdala, visual processing areas, anterior cingulate cortex, dorsolateral frontal cortex, medial
frontal cortex and subcortical structures. Persons with psychoses hyperactivated the cuneus,
parietal lobule, precentral gyrus, and superior temporal gyrus (Taylor et al., 2012).
1.3.2 Functional Correlates of Aggression in Healthy Persons
Lotze et al. (2007) examined social reactive aggression in healthy participants by means of fMRI.
The authors used a competitive reaction time task to investigate brain regions involved in social
interaction and reactive aggression in sixteen healthy male participants. They were provoked
by increasingly aversive stimuli and were given the opportunity to respond aggressively against
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their opponent by administering a stimulus as retaliation. fMRI revealed an increase of medial
prefrontal cortex activation during retaliation. The dorsal medial prefrontal cortex (mPFC)
was active when participants had to select the intensity of the retaliation stimulus, and its
activity correlated with the selected stimulus strength. In contrast, ventral mPFC was active
during observing the opponent suffering but also during retaliation independent of stimulus
strength. Ventral mPFC activation, stronger in low callous subjects, correlated positively with
skin conductance response during observation of the suffering opponent. The authors concluded
that dorsal mPFC activation seems to represent cognitive operations related to more intense
social interaction processes whereas the ventral mPFC might be involved in affective processes
associated with compassion to the suffering component.
Siever (2008), in a review, observed that an important abnormality implicated in aggression
is hyperactivity of the limbic system in response to negative or provocative stimuli, particularly
anger provoking stimuli.
1.3.3 Functional Magnetic Resonance Imaging Correlates of Aggression in Patient
Populations
Coccaro et al. (2007) examined brain activity in individuals with impulsive aggression. In their
study, persons with impulsive aggression and healthy controls underwent functional MRI while
viewing blocks of emotionally salient faces. The authors compared amygdala and orbitofrontal
cortex (OFC) reactivity to faces between the two groups and found that relative to controls,
patients exhibited higher amygdala reactivity and lower orbitofrontral cortex activation to faces
expressing anger. Furthermore, the extent of amygdala and OFC activation to angry faces were
differentially related to previous aggressive behaviour of the participants. While healthy con-
trols did, aggressive subjects did not demonstrate amygdala-OFC coupling during responses to
angry faces. The authors conclude that these findings indicate an amygdala-OFC dysfunction
in response to a social threat signal (processing angry faces) in individuals with a history of
impulsive aggressive behavior. Furthermore, the authors suggest their findings to substantiate a
link between a dysfunctional cortico-limbic network and aggression. New et al. (2007) provoked
aggression in a laboratory setting with the Point Subtraction Aggression Paradigm. Patients
with borderline personality disorder with an anger dyscontrol, as opposed to HC, showed hy-
poactivations to provocation in the medial frontal cortex and the anterior frontal cortex but
hyperactivations in the orbital frontal cortex (New et al., 2007). According to a review by
Siever (2008), an imbalance between prefrontal regulation and hyperactivation of the amygdala
and other limbic regions plays an important role for aggression in different patient populations.
In the next chapters we describe methods and results of our studies.
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2 Systematic Reviews and Effect Size Analysis
We conducted two systematic reviews: one on structural and one on functional magnetic reso-
nance imaging correlates of aggression in psychoses.
2.1 Methods
The corresponding papers detailing in full our study protocols, results and discussions can be
found in Appendices A and B.
2.1.1 Search and Selection Strategy
We conducted two systematic reviews, one including an effect size analysis, searching EMBASE,
ScienceDirect, and PsycINFO through September 2017. We used search thesauri representing
aggression, psychosis and structural or functional brain imaging, respectively. We searched the
reference lists of the selected original articles for additional literature and screened all studies
according to the following inclusion criteria. We included longitudinal, cross-sectional, and
case-control studies (journal articles, book chapters, and dissertations) reporting brain imaging
correlates of aggression comparing:
• affective or non-affective psychosis groups with a history of violence, or including contin-
uous measures of aggression,
• affective or non-affective psychosis groups with a history of violence or including continuous
measures of aggression compared with healthy controls,
• affective or non-affective psychosis groups with a history of violence or including continuous
measures of aggression compared to controls with diagnoses other than affective or non-
affective psychoses,
• affective or non-affective psychosis groups with a history of violence compared to affective
or non-affective psychosis groups without a history of violence.
Furthermore, we included only brain imaging studies examining cases and controls with an
age of at least 18 years. We applied no language restriction and required patients to have an
established diagnosis of affective or non-affective psychosis according to DSM or ICD.
2.1.2 Quality Assessments
To achieve a high standard of reporting we adopted the “Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis” (PRISMA) guidelines (Moher et al., 2009) and the revised
“Quality of Reporting of Meta-Analyses” (QUORUM) statements (Moher et al., 1999). The
detailed search protocols are available on the International Prospective Register of Systematic
Reviews (PROSPERO) as follows:
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• structural systematic review and effect size analysis: PROSPERO registration number:
CRD42014014461
• functional systematic review: PROSPERO registration number: CRD42016048579
For both systematic reviews, we assessed methodological quality using the PRISMA checklist
(Moher et al., 2009).
2.1.3 Data Extraction
Main outcome measures of the structural systematic review were the whole brain volumes of the
two patient groups (VS and NVS) and of the HC group. For the functional review, hyper- and
hypoactivations in these groups were the main outome measures. For more detailed information,
please see Appendices A and B.
For both reviews, we extracted the following information from all studies: imaging center,
first author, year of publication, type of imaging analysis, population characteristics of all groups,
operationalization of aggression and diagnosis.
2.1.4 Data Analysis
The qualitative analyses of all included publications for both reviews are detailed in Appendices
A and B.
2.1.4.1 Review on Structural MRI Correlates of Aggression in Psychoses
We performed a one-way ANOVA to describe group characteristics. We calculated effect sizes
separately for each study and effect sizes of global brain volumes. All analyses were performed
with “Statistical Package for Social Sciences” (SPSS). For meta-analytic calculations we used
the SPSS macros written by Lipsey and Wilson (2001). We calculated the pooled standard
deviation, then standardized the mean effect size from statistical information reported in the
studies. We corrected for the bias of small sample sizes (less than 20 subjects) using Hedge’s
method in order to receive an unbiased effect size estimate. We then calculated the effect size
for each study separately using the unbiased effect size estimate. Finally, we weighted the effect
size depending on each group’s sample size.
2.1.4.2 Review on Functional MRI Correlates of Aggression in Psychoses
We transformed Talairach coordinates into MNI coordinates using GingerALE (http://www.-
brainmap.org/software.html). To provide an overview on hyper- and hypoactivation patterns,
we produced multislice activation pattern figures in MRIcron (https://www.nitrc.org/projects/-
mricron) using the reported MNI coordinates for building threedimensional ROIs.
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2.2 Results
2.2.1 Structural Magnetic Resonance Imaging Correlates of Aggression in Psy-
choses: A Systematic Review and Effect Size Analysis
Our sample consisted of twelve studies with a total of 470 patients and 155 HC. Considering
subject overlaps due to the publication of multiple papers using the same cohort, the sample
consisted of 314 patients and 96 HC.
Appendix A shows the detailed study selection procedure as a PRISMA flow diagram. It
also gives an overview of all included studies showing imaging center, name of the first author,
year of publication, type of imaging analysis, population characteristics of HC, patient groups
(group size, gender, age, psychopathology, IQ, medication) and diagnosis.
Table 1: Descripitive statistics over the twelve structural MRI studies included
HC NVS VS Group differences (ANOVA)
M(SD) M(SD) M(SD) p
Sample Size 24.0 (6.9) 20.4 (4.9) 24.4 (9.3) 0.568
Average % male 72.9 (41.4) 79.6 (30.0) 82.5 (31.1) 0.898
Age 31.7 (1.2) 36.7 (4.1) 37.6 (3.1) 0.033
IQ 102.9 (2.0) 88.0 (1.9) 84.9 (0.1) 0.003 *
Note. Descriptive statistics of healthy control group (HC), non-violent schizophrenia patients (NVS) and violent
schizophrenia patients (VS) over all twelve included studies with exclusion of overlapping cohorts. HC =
healthy control group, NVS = non-violent schizophrenia patients, VS = violent schizophrenia patients, M =
mean, SD = standard deviation. * The group comparisons VS vs. HC and NVS vs. HC showed significant
group differences in IQ (F (2,3) = 73.119) while the groups VS vs. NVS did not differ significantly in IQ.
Among the included studies, there were no significant group differences in sample sizes, age
or gender (see Table 1). Regarding WAIS IQ we found significant differences between HC and
NVS as well as VS. NVS and VS did not significantly differ in IQ (see Table 1). Missing data
impeded calculation of differences regarding antipsychotic medication or psychopathology.
2.2.1.1 Aggression Operationalized as “History of Violence”
Barkataki et al. (2006), Kumari et al. (2009), Kumari et al. (2013), Kumari et al. (2014), Narayan
et al. (2007), Yang et al. (2010) and Puri et al. (2008) used the following three groups to examine
aggression in psychoses:
• Healthy, non-violent control participants (HC)
• Non-violent persons with schizophrenia (NVS)
• Violent persons with schizophrenia (VS)
Kumari et al. (2009), Kumari et al. (2013), Kumari et al. (2014) and Narayan et al. (2007)
published work based on the cohort originally examined by Barkataki et al. (2006).
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Most studies found decreased volumes in VS as compared to NVS (Barkataki, Kumari, Das,
Taylor, & Sharma, 2006; Kumari et al., 2013; Yang et al., 2010; Puri et al., 2008; Kumari et al.,
2009; Narayan et al., 2007; Kuroki et al., 2017), while other studies reported increased volumes
in VS (Kumari et al., 2013; Del Bene et al., 2016; Schiffer et al., 2013). Kumari et al. (2014)
found no significant differences in brain volumes in VS versus NVS. For an overview, see Figure
1.
Figure 1: Structural Differences in Violent versus Non-Violent Persons with Schizophrenia
Overview of the qualitative findings comparing volumes in violent vs. non-violent schizophrenia patients OR in
italic of continuous measures of aggression in schizophrenia patients. WB = Whole Brain, Cer = Cerebellum, TL
= Temporal Lobe, I = Insula, LV = Lateral Ventricles, CN = Caudate Nucleus, P = Putamen, T = Thalamus,
Hypo = Hypothalamus; Hip = Hippocampus, Am = Amygdala, PFC = Prefrontal Cortex, PMC = Premotor
Cortex, SMC = Sensorimotor Cortex, InfP = Inferior Parietal Cortex, OPC = Occipitoparietal Cortex, AC =
Anterior Cingulate, OFC = Orbitofrontal Cortex, InfF = Inferior Frontal Cortex, MidF = Middle Frontal
Cortex, SupF = Superior Frontal Cortex, PHG = Parahippocampal Gyrus. Articles marked blue used the same
cohort, of which the work by Barkataki et al. (2006) was the underlying primary study - The two studies by
Hoptman et al. used the same cohort, as well (marked in italic). Red shading refers to relatively decreased
volumes in violent schizophrenia versus non-violent schizophrenia patients. Green shading refers to relatively
increased volumes in violent schizophrenia versus non-violent schizophrenia patients. Yellow shading refers to no
significant differences in volumes between violent schizophrenia versus non-violent schizophrenia patients.
More specifically, Barkataki et al. (2006) found that VS had a significantly reduced whole-
brain volume compared to the NVS. The VS group showed significantly larger putamen and
smaller amygdala volumes than the NVS group – these findings, though, were not sustained
when covarying for PANSS general psychopathology score. Kumari et al. (2013) found that VS
had smaller whole brain, temporal lobe and hippocampus volumes than NVS. However, VS had
larger amygdala volumes than NVS. When comparing the AC volumes of VS with NVS, there
was no significant difference (Kumari et al., 2014). Narayan et al. (2007) found reduced cortical
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thickness in the right ventromedial prefrontal and lateral sensorimotor cortex in aggressive versus
non-aggressive persons with schizophrenia. Yang et al. (2010) found reduced GM volume in
whole brain, hippocampus and parahippocampal gyrus in VS compared with NVS. Puri et al.
(2008) detected that VS had smaller GM volumes in the cerebellum than NVS and hypothesized
that the cerebellum might be relevant for input from ventrolateral prefrontal cortex and parietal
regions.
In the group comparison NVS versus VS we noted large negatively directed effects in whole
brain (Barkataki, Kumari, Das, Taylor, & Sharma, 2006), temporal lobe, thalamus, hippocam-
pus, prefrontal cortex, premotor cortex, sensorimotor cortex and occipitoparietal cortex, medium-
sized effects in whole brain (Yang et al., 2010) and small effects in OFC and inferior, middle
and superior frontal cortex. In the same group comparison, we found large positively directed
effects in the amygdala and small effect sizes in LV and putamen.
Results on the other comparisons (HC versus NVS, HC versus VS) are described in Appendix
B.
2.2.1.2 Aggression Operationalized by Means of Questionnaires
Hoptman et al. (2005) and Hoptman et al. (2006) used continuous measures to examine structural
correlates of violence in schizophrenia in one sample. Hoptman et al. (2005) found larger GM
volumes in the left OFC to be associated with a higher degree of aggression as rated in the
Positive and Negative Syndrome Scale (PANSS) and Overt Aggression Scale (OAS). Also, larger
GM volumes in the right OFC were associated with worse neuropsychological performance.
The authors discussed that maybe larger volumes represent reduced neuronal density or other
pathophysiological processes. Hoptman et al. (2006) uncovered that aggression in treatment-
resistant schizophrenia or schizoaffective disorder is associated with a larger caudate volume. In
summary, studies measuring aggression by continuous means (questionnaires) found increased
volumes in the OFC as well as the caudate (Hoptman et al., 2005, 2006) (see Figure 1).
2.2.1.3 Effect Size Analysis
After excluding all studies with overlapping cohorts, insufficient data, or missing comparison
group, five studies remained. We calculated an effect size analysis over whole brain volumes as
reported in the studies by Barkataki et al. (2006), Del Bene et al. (2016), Kuroki et al. (2017),
Schiffer et al. (2013) and Yang et al. (2010) (see Table 2).
We observed that HC showed larger whole brain volumes than persons with schizophrenia
independently of their history of violence. In addition, studies revealed that VS had smaller
whole brain volumes than NVS.
In the next sections, we describe the results of our systematic review on functional MRI
correlates of aggression in psychoses.
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Table 2: Effect Size Analysis of Whole Brain Volumes
HC vs NVS HC vs VS NVS vs VS
Mean Mean Mean
n Effect p Q n Effect p Q n Effect p Q
Size Size Size
WB 4 0.0356 0.8140 1.1197 4 0.4223 0.0042 4.0581 5 0.3555 0.0073 5.2540
Note. Effect size analysis of whole brain volume measured in the studies by Barkataki et al. (2006), Del Bene et
al. (2016), Kuroki et al. (2017), Schiffer et al. (2013) and Yang et al. (2010). WB = whole brain, n = number of
studies, p = value of probability, Q = Homogeneity Coefficient
2.2.2 Functional Magnetic Resonance Imaging Correlates of Aggression in Psy-
choses: A Systematic Review
Following the search strategy described on page 7, we found twelve studies on functional MRI
correlates of aggression in psychoses including 334 patients and 113 HC. Considering subject
overlaps due to the publication of multiple papers using the same cohort, the sample consisted
of 236 patients and 92 HC.
Appendix B shows the detailed study selection procedure as a PRISMA flow diagram. It
also gives an overview of all included studies showing imaging center, name of the first author,
year of publication, type of imaging analysis, population characteristics of HC, patient groups
(group size, gender, age, psychopathology, IQ, medication) and diagnosis.
In figure 2, we provide an overview of fMRI activation patterns across all tasks, brain areas
and group comparisons.
Here, we only describe the main contrast of interest, namely the comparison VS versus NVS.
In working memory, VS as opposed to NVS hypoactivated the right inferior parietal lobe (Kumari
et al., 2006). When anticipating shock as induced in the study by Kumari et al. (2009), VS
as opposed to NVS hyperactivated their medial prefrontal / cingulate gyrus bilaterally, middle
temporal gyrus bilaterally, right posterior cingulate / cuneus and left middle occippital gyrus. In
a paradigm with negative emotional pictures, VS as opposed to NVS hyperactivated the right
anterior cingulate, right lingual gyrus, left precentral gyrus, right middle frontal gyrus, right
inferior frontal gyrus and superior temporal gyrus, globus pallidus bilaterally, right precuneus
and right mid-cingulate (Tika`sz et al., 2016). In the same study, the authors showed that when
viewing neutral emotional pictures, VS hyperactivated the right middle frontal gyrus, right
inferior temporal gyrus, left middle occipital gyrus and left cerebellar tuber. In an affective
theory of mind task, VS as compared to NVS hypoactivated the left ventrolateral PFC and left
superior temporal sulcus at the temporoparietal junction (Schiffer et al., 2017).
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Figure 2: Functional MRI Differences across Tasks and Group Comparisons
fMRI activation patterns across all tasks, brain areas and group comparisons. Hyeractivations are marked with
a “+”, hypoactivations with a “-”. L = left, R = right.
3 Voxel-Based Morphometry Correlates of Aggression in Early
Psychosis
In a pilot study on structural MRI correlates of aggession, we examined persons in very early
stages of psychosis and with an at-risk mental state.
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3.1 Methods
The corresponding paper detailing in full our study protocol, results and discussion can be found
in Appendix C.
3.1.1 Study Sample
Our study on sMRI correlates of aggression in early psychoses was performed based on data
from the early detection of psychosis project (FePsy) at the Department of Psychiatry, Uni-
versity of Basel, Switzerland (Huber et al., 2014; Riecher-Ro¨ssler et al., 2007, 2009). At-risk
mental state (ARMS) patients, first episode psychosis (FEP) patients and HC (n = 25) were
included. Inclusion criteria for the ARMS group (n = 56) were one or more of the following: a)
“attenuated” psychotic symptoms, b) brief intermittent psychotic symptoms, c) a first-degree
relative with a psychotic disorder plus a marked decline in social or occupational functioning
or d) unspecific risk category (Riecher-Ro¨ssler et al., 2007, 2009; Yung, Phillips, Yuen, & Mc-
Gorry, 2004). FEP patients (n = 55) fulfilled criteria for acute psychotic disorder according to
the ICD-10 or DSM-IV. Aggression was operationalized with the BPRS-EC score. We obtained
these scores by trained raters during clinical interviews. As an agitated-aggressive syndrome
can be already present in ARMS and FEP patients (Huber et al., 2014), we examined FEP and
ARMS as one group and dichotomised them according to BPRS-EC scores using a median split
(medianBPRS-EC = 5). We then labeled patients with a BPRS-EC score > 5 as the “BPRS-
EC high” subgroup (n = 49) and patients with a BPRS-EC score ≤ 5 as the “BPRS-EC low”
subgroup (n = 62).
3.1.2 Clinical Assessment Scales
Subjects were assessed with the BPRS, SANS (Andreasen, 1989) and GAF (Spitzer, Gibbon,
Williams, & Endicott, 1996). Also, information on current and previous alcohol, nicotine,
cannabis and other illegal drug consumption was obtained.
3.1.3 Statistical Analyses of Demographics and Clinical Group Differences
We performed ANOVAs and χ2-tests to describe group characteristics with regard to gender,
age, years of education, BPRS total score and BPRS-EC, SANS total score, GAF score, intake of
antipsychotics and antidepressants, as well as consumption of alcohol, cannabis and cigarettes.
We then performed post-hoc Bonferroni analyses to identify subgroup differences. Also, we cal-
culated Pearson’s correlations for BPRS-EC items and BPRS-EC with BPRS total score, SANS
total score, and the BRPS items not included in the BPRS-EC. All analyses were performed
with SPSS and p < 0.05 was considered significant.
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3.1.4 Structural Magnetic Resonance Image Acquisition and Analysis
We acquired a three-dimensional T1-weighted magnetization prepared rapid gradient echo se-
quence on a 3-T MRI system with sagittal orientation based on a 256 x 256 x 176 matrix with 1
mm isotropic spatial resolution, inversion time (T1) of 1000ms, repetition time (TR) of 2s and
echo time (TE) of 3.4ms. We used SPM8 software (https://www.fil.ion.ucl.ac.uk/spm/soft-
ware/spm8/) run in Matlab 7.1 (Math Works, USA) to identify group-related differences in
grey matter volume (GMV). Voxel-based morphometry was performed using the VBM8 toolbox
(http://www.neuro.uni-jena.de/vbm/download/). T1-weighted images were coregistered to
the MNI template using a multiple stage affine transformation with 12 estimated parameters
of interest. These normalized images were segmented using the “New Segmentation Approach”
with different treatment of the mixing proportions. Afterwards the changes in volume were
corrected using the DARTEL toolbox (http://www.neurometrika.org/node/34) to produce
a high-dimensional normalization protocol. We smoothed all preprocessed images using an
isotropic 8mm Gaussian kernel.
We performed an analysis of covariance (ANCOVA) to compare grey matter images between
our three groups (“BPRS-EC high”, “BPRS-EC low” and “HC”) in the whole brain using voxel
based morphometry. We modelled age, gender and total intracranial volume (ICV) as covariates
to reduce the potential impact of these variables on the findings. Statistical significance was
assessed at cluster level at a threshold of p < 0.05 after family-wise error (FWE) correction.
The eigenvariates from between-group contrasts were extracted and used for correlation analyses
between grey matter volume by agitated-aggressive syndrome score.
3.2 Results
Demographics and clinical group differences of this study are detailed in Appendix C. Regarding
the imaging results, the “BPRS-EC high” group showed significantly lower GMV in the left
lingual gyrus as compared to HC. There were no significant between-group differences regarding
the contrasts “BPRS-EC high” > HC, “BPRS-EC high” > “BPRS-EC low”, “BPRS-EC high”
< “BPRS-EC low”, patients > HC and patients < HC.
In short, our voxel-based morphometry study showed that individuals in early stages of
psychosis with an agitated-aggressive syndrome exhibit significant volumetric reductions in the
lingual gyrus as opposed to HC. These volumetric reductions were not evident when comparing
BPRS-EC high versus BPRS-EC low groups. This could reflect the significance of disease-related
mechanisms already present in early psychoses. Furthermore, treatment with antipsychotic med-
ication may annihilate a potential difference in brain volumes in those early stages of psychoses -
there are, to our knowledge, no other studies examining neuroimaging correlates of aggression in
early psychoses, which renders it very difficult to interpret our finding of reduced lingual gyrus
volume.
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4 Discussion
In the following, we discuss the results and implications of our three studies starting with
the reviews and effect size analysis, followed up by our voxel-based morphometric correlates
of aggression in early psychoses. Also, we outline the limitations of our work. More detailed
discussion of our studies can be found in Appendices A, B and C.
4.1 Structural Magnetic Resonance Imaging Correlates of Aggression in Psy-
choses
Our systematic review on structural magnetic resonance imaging correlates of aggression showed
that there are in total few studies that examined this topic. When comparing non-violent as op-
posed to violent persons with schizophrenia, we found studies reporting volumetric reductions in
the whole brain, cerebellum, temporal lobe, caudate nucleus, thalamus, hippocampus, prefrontal
cortex, premotor cortex, sensorimotor cortex, and parahippocampal gyrus. The parahippocam-
pal gyrus volume reduction seems to be specific to this group comparison - this structure is
known to play an important role in scene recognition (Ishai, Ungerleider, Martin, Schouten, &
Haxby, 1999). The ability to recognize scenes is reported to be impaired in violent persons (Kret
& de Gelder, 2013) and in persons with schizophrenia (Gold, Poet, Wilk, & Buchanan, 2004).
The putamen, lateral ventricles and amygdala are reported to be larger in VS as opposed
to NVS. The putamen volume increase may be an effect of antipsychotic medication, while
the amygdala volume is usually reported as being reduced in persons with schizophrenia and
in aggressive persons. The amygdala as part of the limbic system plays an important role in
developing fear and in emotion regulation (Adolphs, 2004). Pardini et al. (2014) found lower
amygdala volumes to be associated with aggression. Our finding of a larger amygdala volume
in aggression is therefore novel in the literature.
Studies comparing persons with schizophrenia with higher or lower aggression scores in ques-
tionnaires found larger volumes in the caudate nucleus and the OFC in persons with schizophre-
nia with a higher versus those with a lower aggression score. There are contradictory results
concerning the OFC and the caudate nucleus - these contradictions may be due to different
study designs (continuous versus categorical measures). Also, effects of medication could play
an important role. In our effect-size analyses we found that VS as opposed to NVS showed
significantly lower WB volumes.
4.2 Functional Magnetic Resonance Imaging Correlates of Aggression in Psy-
choses
Despite the importance of the topic, only a limited number of studies on functional MRI cor-
relates of aggression have been performed. When comparing violent as opposed to non-violent
persons with schizophrenia in working memory tasks, VS hypoactivated their right inferior pari-
etal lobe - an area known for being involved in working memory tasks, but not in aggression.
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We hypothesize that this hypoactivation may represent a working memory dysfunction in the
VS group.
In face affect recognition tasks, VS with high versus low psychopathy scores hyperactivated
the right amygdala when viewing facial expressions of disgust. To our knowledge, there are no
previous studies on this matter - this makes it difficult to integrate these findings. VS with high
as opposed to low psychopathy scores hypoactivated the right amygdala when seeing fearful
faces. In healthy controls, fearful faces are known to hyperactivate the amygdala - there are no
studies on activation patterns in aggressive healthy controls in this matter. In general, persons
with schizophrenia hypoactivate the amygdala in response to emotional stimuli.
In emotion induction paradigms, VS as opposed to NVS hyperactivated the right middle
frontal gyrus, inferior parietal gyrus, medial prefrontal gyrus, anterior cingulate, lingual gyrus,
globus pallidus, mid-cingulate, precuneus, cuneus, middle temporal gyrus, inferior temporal
gyrus and the left middle occipital gyrus and cerebellar tuber.
In a task on affective theory of mind, VS as opposed to NVS hyperactivated the left inferior
frontal gyrus and the left superior temporal sulcus. The activation in the inferior frontal gyrus
is compatible with a challenge in language comprehension, while the superior temporal sulcus
is known to be impaired in social perception and general theory of mind.
4.3 Limitations with Recommendations for Future Research
In the following sections we outline the various factors that limit the explanatory power of our
work. As the limitations of our two systematic reviews are very similar, we summarize them.
4.3.1 Operationalizing Aggression
In most of our reviewed articles, history of violence was not sufficiently specified and both type
and scale of the violent acts remain unclear. Future studies should clearly define and quantify
nature and extent of aggressive behaviour.
4.3.2 Sample Sizes
Our reviews suffer from small sample sizes and considerable cohort overlaps - therefore, we could
not calculate meta-analyses and it was not possible to estimate publication bias. We suggest
future research should focus on replicating or refuting previous findings, or at least include
replication as an additional aim of study.
4.3.3 Predictors and Moderators of Aggression in Psychosis
Important influencing factors like psychopathology, general intelligence, substance use or effect
of medication have often not been reported. Therefore, we could not correct for these factors in
our analyses - we suggest future studies to report these important mediators clearly in order to
allow for analyses of these covariates.
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4.3.4 Affective Psychoses and Early Psychoses: Neglected Areas
Although these groups of persons are known to be at an increased risk for aggressive behaviour
just as persons with non-affective psychoses, there are no studies reporting structural or func-
tional correlates of aggression. The disregard for these diagnostic groups severely limits our
understanding of aggression in psychotic disorders. We therefore recommend that future studies
include persons with affective psychoses or early stages of psychoses taking into account the
above mentioned recommendations.
4.3.5 Functional Magnetic Resonance Imaging as Technique to Investigate Biolog-
ical Underpinnings of Aggression in Psychosis
Functional magnetic resonance imaging is currently the best tool for measuring functional orga-
nization of the brain. Still, it provides no direct measure of brain activity. fMRI cannot easily
differentiate between bottom-up and top-down signals and excitation or inhibition (Logothetis,
2008). We therefore have to be careful when interpreting results and drawing conclusions about
brain function. Furthermore fMRI provides us with maps we do not really understand: As
fMRI measures brain activity indirectly, we do not know whether the maps of activation really
mean that the respective brain areas are truly involved in the feature of interest (Logothetis,
2008). Combining fMRI with another mesaure, for example EEG, might reduce uncertainties
concerning the activation of brain areas. Furthermore, combining these two methods provides
the advantage of improving the temporal resolution of the data.
4.4 Voxel-Based Morphometry Correlates of Aggression in Early Psychosis
Our voxel-based morphometry study showed that individuals in early stages of psychosis with
an agitated-aggressive syndrome have significant volumetric reductions in the lingual gyrus as
opposed to healthy controls. These reductions were not evident when comparing the aggressive
with the non-aggressive participants. This finding does not fit any previously described volu-
metric correlate of aggression in early psychosis. Independently of a psychotic disorder, Soloff
et al. (2014) examined structural correlates of aggression in patients with borderline personality
disorder and found that high as opposed to low lethality suicide attempters had diminished grey
matter in the left lingual gyrus. The authors discuss that these grey matter reductions may
impair social functioning (Soloff, White, & Diwadkar, 2014). In the following, we outline several
limitations of our study:
• Group differences: Our patient groups significantly differed in the intake of antidepressants
and consumption of nicotine. Due to our small sample size, we could not correct for this
potential bias and therefore cannot exclude that the reported differences in brain volumes
may have been affected by substance use.
• Influencing variables: Some potentially important moderators of aggression were not avail-
able, e.g. forensic history, antisocial personality disorder.
18
4 DISCUSSION
• Dichotomizing the groups: Dichotomizing the patient group using a median split may
not be an ideal approach. According to our median split, patients with BPRS-EC high
scores from 4 to 5 were entered in the low aggression group, while all others were entered
in the high aggression group. A score of 4 corresponds to complete absence of agitation
and aggression, and a score of 5 to nearly complete absence of aggression. Therefore, the
median split corresponds to a dichotomization into a group with near complete absence
and with the presence of an agitated-aggressive syndrome.
• Pooling ARMS and FEP as one group: the ARMS-status is not a very specific indicator for
transition to psychosis. It seems the at-risk mental state might rather be a more general
indicator for a psychiatric disease.
• Our high and low aggression subgroups also significantly differed in BPRS and SANS total
scores, and it is known that psychopathological symptoms are often interrelated: this fur-
ther raises the question how specific our results were. Therefore, it remains unclear whether
the observed volumetric reductions are specific to an agitated-aggressive syndrome.
• The results would not hold if an initial peak-level threshold of p < 0.001 had been chosen.
Due to these limitations, this study has to be considered a pilot study presenting the first
hint towards a structural correlate of an agitated-aggressive syndrome in ARMS and FEP, and
replication studies are needed in order to evaluate this finding.
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5 Conclusion
We reviewed the evidence on structural as well as functional magnetic resonance imaging cor-
relates of aggression in psychosis. We found nonsystematic structural and functional correlates
of aggression in schizophrenia. Only very few studies have been conducted, all using varied
paradigms and often overlapping samples. Our study on correlates of aggression in early stages
of psychoses lead to the hypothesis that the left lingual gyrus volume may be inversely correlated
with an agitated-aggressive syndrome in early psychoses. This still has to be evaluated with
replication studies. At this point, the MRI studies at hand do not yet allow for a deeper under-
standing of the neurobiological underpinnings of aggression in psychoses. When exploring novel
study protocols and paradigms, research should seek to improve upon and enhance previous
findings using a hypothesis driven approach.
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